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Abstract. Infiltration is an integral part of the ventilation system and process. Infiltration affects the quality of the 
barn environment and can also increase the winter heating cost. Precise data on infiltration is very important in 
the design of ventilation systems for animal barns.  Many researchers have suggested that ASHRAE’s ‘crack’ 
method is not suitable for predicting infiltration of animal barns. Among the available methods, pressurization 
methods are commonly used in infiltration quantification and the power law model gives the best prediction of 
the infiltration rate. For this research project, 18 swine finishing rooms and three swine gestation rooms were 
tested for their infiltration characteristics. At 20 Pa pressure difference across the room envelope, the average 
as-is leakage rate for the 18 swine finishing rooms was 6.43±1.68 ACH; whereas, the average leakage rates 
through curtains, fans and other components were 1.47±0.71 ACH (about 23% of as-is), 1.63±0.77 ACH (about 
25% of as-is) and 3.33±1.23 ACH (about 52% of as-is), respectively. Of the three "filtered" sow barns that were 
monitored where air tightness is very important to prevent entry of viruses like PRRV, the more conventional 
designed facilities, where filters are only added to the ceiling attic inlets, were not very tight (roughly 2 ACH).  A 
much tighter barn, with an infiltration value of 0.1 ACH, was obtained in a specially designed large sow building 
where the filters were built into the ends of the building and an extensive amount of foam sealant was used. 
Keywords. Infiltration, swine housing, air leakage. 
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Introduction 
A congenial environment in an animal shelter significantly increases animal productivity. Therefore, designing for 
optimum ventilation performance is a vital part in the construction and function of any animal barn. However, this 
task can be especially difficult due to the complexities of air flow behavior, varying outside climate, and 
environmental requirements of animals. To keep operational costs at a minimum, ventilation systems must 
perform at peak levels. Infiltration or air leakage into the building reduces the quality of the inside environment 
as well as increases energy consumption. In this paper, a review of infiltration is taken with emphasis to farm 
buildings. Review information on infiltration, its effects, measurement techniques, and accuracy in infiltration 
measurement is presented. Leakage data measured for eighteen commercial swine finishing and three swine 
gestation rooms is included. 
 
Infiltration Overview   
The Primary Ventilation System 
Ventilation systems are prominently used in animal barns to control the inside environment. Good quality indoor 
air is a necessity for animal health and optimal productivity. In creating a desired environment, parameters of 
temperature, humidity, carbon dioxide, ammonia and hydrogen sulfide are controlled through the introduction of 
an appropriate amount of fresh air. Continuous release of sensible and latent heat, CO2 from animals, and NH3 
and H2S released from manure are some of the major sources of inside air ventilation challenges. Ventilation 
forces outside air through the barn, which dilutes and removes indoor air contaminates (ASHRAE, 2013). This 
movement of air through animal barns is driven by the static pressure difference between inside and outside the 
barn.  The static pressure differences may be created by natural forces (stack effect and wind) or mechanical 
devices (fans). In cases of mechanically ventilated buildings, proper sizing of air flow, provided by fans and inlets, 
which restrict and direct air flow, is very important to provide comfort to the occupants.  Insufficient air flow creates 
an unsatisfactory environment for animals and excess ventilation increases operational costs of the system.  
Infiltration Defined 
Air tightness is the ability of the building envelope to withstand unwanted air flow when subjected to certain 
pressure differences. Air exchange through a barn occurs simultaneously through inlets (authorized openings) 
and cracks or leakage areas (unintentional and unauthorized openings). Based on this criterion, building air 
exchange with the outside environment can be broadly classified into two components: ventilation and infiltration 
(ASHRAE, 2013).  Exhaust fan ventilation systems, the type most commonly used in animal barn ventilation, 
induce a vacuum in the barn that forces air to flow into the barn simultaneously through planned inlets and cracks 
(Albright 1990; Zhang and Barber 1995b). An entry of air through authorized inlets into a barn is called ventilation; 
whereas, the air which enters through cracks (unplanned openings) is called infiltration. Leakage areas in an 
animal barn are due to poor building design, improper craftsmanship, poor management, and wear and tear of 
building components. Zhang and Barber (1995b) added that the infiltration air can enter into the building by three 
types: 1) Interflow - “contaminated” air from an adjacent interior room leaks into the building, 2) Inflow – outside 
fresh air leaks into the barn, and 3) Short-circuiting – outside fresh air leaks into the barn from the envelope 
openings around or near exhaust fans and exits through the fan without mixing with inside air. 
Effects of Infiltration on the Building and Primary Ventilation System    
Ventilation and air leakage into buildings accounts for about 25 to 50% in total energy required for a commercial 
building’s space heating (or cooling) needs (AIVC, 2014). In contrast, it is estimated that 80 to 90 percent of heat 
loss from ventilated swine facilities occurs through the ventilation system.   Zhang and Barber (1995b) mentioned 
that the infiltration can be seen as an important indicator of building design and construction quality as it greatly 
affects the inside environment and thereby building performance. ASHRAE (2013) added that knowledge on 
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building airtightness is required to enhance its functional performance and to reduce the building energy 
consumption towards space conditioning. 
Infiltration greatly affects ventilation control and effectiveness. In cold climate regions, excessive ventilation rate 
leads to more fuel consumption for heating. ASTM Standard E1186 (2009) reported that the air infiltration can 
become a significant thermal space condition load. Infiltration can produce drafts and ultimately disturb occupant 
comfort. Zhang and Barber (1995b) highlighted the negative effects of air leakage. More particularly, ‘interflow’ 
reduces air quality, ‘inflow’ may be the common source of drafts and increase winter heating costs, and ‘short-
circuiting’ causes a reduction in ventilation effectiveness. Infiltration develops pockets of non-uniform and 
undesired environments in a barn (Masse et al., 1994b). The vacuum, induced due to the ventilation system, is 
nearly uniform everywhere in a building airspace; therefore, the relative amount of open area in one section of a 
barn compared to others determines the quantity of fresh air entering into that section of the building. During 
winter, infiltration develops cold drafts around/nearby cracks.  
Masse et al. (1994a) reported that a leaky building further reduces the pressure difference across the barn 
reducing the air velocity at planned inlets and results in poor movement and mixing within the barn resulting in 
non-uniform air quality in the room. Air leakage has been identified as one of the important reasons for the 
deterioration of building components (Zhang and Barber, 1995a). Infiltration and exfiltration in hot and cold 
climates respectively, deposit moisture in the building envelope causing deterioration of envelope components. 
Accumulated water may cause wood rot and or steel corrosion and can reduce the insulation value of building 
materials.  Allen (1985) mentioned that farm buildings are generally constructed by small contractors, therefore 
they can vary considerably in construction quality and hence in their leakage rates. Their construction style 
changes with geographical area. Hence, it is necessary to report the physical condition of a building while 
reporting its leakage data. 
Considerations For Infiltration Measurement  
Infiltration Measurement Methods 
Zhang and Barber (1995a, 1995b) commented on the lack of data on animal barn infiltration and a need for better 
data to predict air infiltration accurately. Zhang and Barber (1995b) mentioned that the building infiltration 
resistance (i.e., resistance to flow through the envelope) should be used as a reference standard for judging 
building materials and construction quality. More research is required to define standard values of infiltration 
resistance for different buildings. Also, a recommendation was made by Hunt (1980) to develop computer 
simulations to assess the effect of changing wind speed on air leakage rate. 
Bradshaw (2006) divided buildings into two categories to predict their infiltration rate. For low rise buildings (less 
than about 100 feet tall), unless inside-outside temperature difference is extreme, the stack effect is negligible. 
In the case of tall buildings, the stack effect may be prominent, causing air to leak through walls in addition to 
doors and windows. Masse et al. (1994a) summarized the different tests to determine building air leakage. Along 
with pressurization tests, other tests such as tracer gas, acoustic tests, and thermographic surveys are used to 
determine the leakage rate. Among all tests, the tracer gas and pressurization methods are most common 
(Masse et al., 1994b). ASHRAE (2013) reported that the most reliable method to determine building air exchange 
rate is to measure it directly for each building, versus predicting from past testing. 
ASHRAE’s Crack Method 
For commercial buildings and homes, ASHRAE’s “crack method” is commonly used. Hunt (1980) and Bradshaw 
(2006) described ASHRAE’s crack length method to quantify the infiltration rate. Detailed information on 
dimensions and construction details of doors, windows, and other openings is required for applying this method. 
In this method, infiltration air flow rate is expressed on a per unit crack length basis. Unit values are tabulated for 
different leakage paths (e.g. doors, windows etc.) and depends on the kind and/or width of crack and the pressure 
difference. Albright (1990) questioned ASHRAE’s “crack” method of infiltration measurement and stated that the 
crack method has not proven accurate for agricultural structures. Masse et al. (1994b) measured the leakage of 
farm buildings and concluded that the leakage was much higher than that predicted using ASHRAE’s crack 
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method. This was most likely because the ASHRAE crack method is suggested for residential buildings and the 
cracks in farm buildings may be larger and in places not typical of residential housing. It was suggested to 
compare leakage predicted using ASHRAE’s methodology with actual measured leakage data to verify the 
suitability of ASHRAE’s crack method for farm buildings.  
ASAE Procedure  
ASAE standard  EP270.5 (1986) presented two models for predicting infiltration based on two example 
Pennsylvania dairy barns. 
For tight construction:  
   I = 0.017 x (∆P)0.67      (1) 
For very tight construction: 
    I= 0.006 x (∆P)0.67      (2) 
Where  
 I  = the infiltration rate, m3s-1 per 500 Kg animal unit. 
 ∆P  = pressure difference across building envelope, Pa. 
Pressurization Tests 
Air infiltration is commonly measured using pressurization testing (ASHRAE, 2013; Masse et al., 1994b). Masse 
et al. (1994a) reported that Shaw and Tamura (1980), Kronvall (1978), Hunt (1978), and several others had used 
pressurization tests to measure leakage through buildings. The pressurization method is relatively easy, quick, 
and inexpensive. In this method, all ventilation inlets are sealed and a fan or blower is mounted in the building 
door/window and a relatively large volume of air is moved into/out of the building generating positive or negative 
pressure across the building envelope.  Various fan air flow rates are tested and the corresponding static 
pressure difference across the envelope are recorded. For the specific pressure difference across the building, 
the air flow rate (i.e., infiltration at that pressure difference) will be proportional to building leakage area. 
Generally, building air infiltration is recorded for pressure differences of 10 to 75 Pa. The percentage of leakage 
through a specific building component as compared to total leakage through the whole building envelope can be 
determined by using pressurization test and sealing that specific air path (Masse et al., 1994b). 
CGSB Standards    
A detailed procedure of infiltration measurement using depressurization in small detached buildings is outlined 
in the CGSB (1986) standard. This standard could be used for other buildings or parts of buildings with 
appropriate modifications. All the intentional openings provided for building ventilation and air conditioning should 
be sealed during the test. CGSB standard 149.15-96 (1996) and the first amendment to this standard (CGSB, 
1999), has outlined the detailed procedure for testing the overall envelope airtightness using the building’s own 
air handling systems. This standard can be applied to any commercial or residential structures having sufficient 
built-in air handling capacity (about 2.5 Ls-1m-2 of exterior wall area). For this method, at least four pressure 
differentials are recommended. This standard also outlines detailed procedures for temperature, wind speed, 
and altitude correction of the infiltration data. 
ASTM Standards    
ASTM  standard E779-10 (2010a) describes the standard test method for determining leakage rate of single 
zone buildings by fan pressurization. It is suggested to conduct testing over a pressure difference range of 10 to 
60 Pa depending upon the capacity of the air-moving apparatus. The data points should be at increments of 5 to 
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10 Pa. At least five data points of air flow and pressure difference should be obtained. ASTM standard  E1827-
11 (2011) is also used to determine airtightness of single zone buildings and testing can be done under either 
depressurization or pressurization modes. These standards suggest two procedures for measurement and 
analysis of infiltration data. In the single point method, air leakage estimation is done by taking multiple flow 
observations near a pressure difference of 50 Pa and assuming a power-law flow exponent n=0.65. In the two-
point method, multiple flow measurements are taken near 50 Pa and 12.5 Pa, which permits an estimate of the 
building flow exponent and flow coefficient. ASTM Standard E283 (2012) describes a standard laboratory 
procedure to determine airtightness of exterior windows, doors, and curtain wall components. This test is used 
when the air temperature and humidity across the component are constant. ASTM  Standard E783 (2010b) is 
used for field testing of airtightness of exterior windows and doors as installed in the building. 
Accuracy Recommendations  
ISO standard 9972 (2006) suggested that the pressure difference measuring device used during infiltration 
testing should have an accuracy of ±2 Pa and a range of 0 to 100 Pa. The flow measuring device should be at 
least ±7% accurate; while the temperature measuring device should have an accuracy of ±1oC. ASTM Standard 
E783 states that the pressure measuring apparatus must have an accuracy of at least ±2.5 Pa or ±2% of set-
point, whichever is greater. The device used for air flow measurement should have an accuracy of ±5% when 
the air flow rate equals or exceeds 9.44 x 10-4 m3s-1 or ±10% when the flow rate is less than 9.44 x 10-4 m3s-1. 
CGSB (1986) suggested that the pressure gauge used during infiltration testing should be ±2 Pa accurate and 
that a ±1 Pa inaccuracy in pressure measurement introduces about 2 to 2.5% error in a building’s overall 
infiltration rate. To reduce the influence of wind on pressure difference measurements across the envelope, 
capillary tubes should be added to the outside ends of static pressure tubes and a pressure averaging device 
should be used. Inside and exterior pressure taps should be protected from fan influences 
CGSB (1996) provided detailed information on different apparatus required to measure a building’s airtightness 
using its own air handling system. Supply or exhaust fans should be capable of producing pressure differences 
of about 60 Pa across the building envelope.  The pressure measuring device should have a range of 0 to 75 
Pa, with maximum increments of 1 Pa and must be accurate to within ±1 Pa. Also, obstructions upwind of the 
measuring exhaust fan should be kept obstruction free for a minimum distance of three-quarter of a fan diameter 
(CGSB, 1986).   
During infiltration testing, pressure difference across the building fluctuates greatly due to changing wind 
velocities. For determining the average infiltration rate for a building, it was found sufficient to average the 
pressure difference across building surfaces (Etheridge and Nolan, 1979; Grimsrud et al., 1979 and Sinden, 
1978). To reduce wind effects on the accuracy of infiltration measurements, Zhang and Barber (1995a) 
recommended to conduct all leakage measurements when the wind speed is less than 6 Km-h-1. Persily (1982) 
tested the same building eighty times over a year for leakage. For the infiltration data measured at 50 Pa pressure 
difference and wind speeds less than 7 Km-h-1, the coefficient of variation was observed between 1 to 2%; while, 
it was observed as high as 15% for the data recorded at the same pressure difference but at higher wind speeds. 
ATTMA (2010) suggested to measure inside and outside temperature difference before infiltration testing. If the 
product of building height and temperature difference is more than 250 m-ºC, then zero flow-pressure difference 
corrections must be applied as suggested in the standard. CGSB (1986) Standard 149.10-M86 suggested check 
points for testing reliability of the data recorded during infiltration. Suggested checklist parameters are:  1) flow 
exponent n should fall between 0.5 and 1.0 (power law models), 2) correlation coefficient (between air flow rate 
and pressure difference) should be more than 0.99, 3) for all the individually measured values of individual air 
flow rate, the error [(predicted flow rate – corrected flow rate) / corrected flow rate] should not be greater than 
±6%, and 4) the relative standard error of predicted infiltration rate at a pressure difference of 10 Pa should be 
less than ±7%.  Also, it is suggested to repeat the infiltration test if any of these criterion is not met.  
Predicting and Modeling Infiltration 
Walker et al. (1998) compared the power law and quadratic models for calculation of infiltration through a 
building’s envelope. It was reported that the quadratic form to predict building infiltration rate was found useful 
when infiltration flow is either fully developed laminar (at low flow rates) or fully developed turbulent (at high flow 
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rates). In fully developed laminar flow conditions, infiltration rate (I) is best described by the pressure difference 
only (i.e., I ∝ ∆P); whereas, when the flow is fully developed turbulent, infiltration rate is best described by the 
square of pressure difference (i.e., I ∝ ∆P2). In actual situations, infiltration air flow paths are not fully developed 
due to convoluted crack geometries. Building envelopes contain combinations of series and parallel leaks and 
therefore quadratic formulation is not valid to calculate infiltration through the building envelope. The power law 
model is a good balance between the two extreme flows (laminar and turbulent) and is found appropriate for 
developing flows. 
Materials and Methods 
Finishing Room Specifications  
Eighteen swine finishing and three swine gestation rooms in Iowa and Minnesota, respectively, were tested to 
quantify their infiltration rates.  Four distinct finishing barn construction layouts were selected for testing (Figure 
1), from which the measured rooms were housed and labelled as single barns (one large room per barn), double-
wide barns (two side-by-side single rooms with one common roof), H-type barns (two end-to-end single rooms 
per barn with two barns connected by a walkway), and double-wide + H-type barns (two side-by-side single 
rooms per barn with a connecting hallway to an adjacent similar barn). The length, width, and internal volume 
per room (excluding pit and attic volume) varied from 37.8 m to 72.2 m, 12.2 m to 18.4 m, and 1124 m3 to 3032 
m3, respectively. Of the eighteen swine finishing rooms tested, thirteen used deep-pit manure storage with the 
remaining having shallow pits. The barns were aged between 2 to 23 years at the time of testing. All the rooms 
tested used mechanical ventilation systems for periods of cooler weather.  These systems used combinations of 
variable speed fans, single speed fans, and ceiling inlets.  For the maximum ventilation, rooms either used a 
sidewall ventilation curtain to provide the final ventilation stage naturally using wind or through a series of tunnel 
fans.  Double-wide barns had curtains on the sidewall for emergency ventilation but used fans for all the 
ventilation stages.  The characteristic details of all swine finishing barns tested are presented in Table 1. 
 
Figure 1. Barn construction types representing a) single barn/single room, b) single barn with two side-by-side 
rooms, c) two end-to-end rooms per barn with two barns separated by a walkway, and d) ) two side-by-side rooms 
per barn with two barns separated by a walkway. 
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Table 1. Selected characteristics of the swine finishing rooms tested. 
Room 
number 
Barn 
Age, 
Yrs. 
Barn 
layout 
Pit type 
Ceiling  
material 
Ceiling 
height, 
m 
Room 
Length, 
m 
Room 
width, 
m 
Floor 
area, 
m2 
Envelope   
area*,  m2 
Internal 
Volume**, 
m3 
1 14 Double 
wide 
Deep metal 2.4 61.0 12.2 743 1100 1812 
2 14 Single shallow metal 2.4 58.5 12.2 713 1058 1740 
3 14 Single shallow metal 2.4 58.5 12.2 713 1058 1740 
4 14 Single shallow metal 2.4 58.5 12.2 713 1058 1740 
5 16 Single deep metal 2.4 58.5 12.2 713 1058 1740 
6 16 Single Deep metal 2.4 58.5 12.2 713 1058 1740 
7 18 Single deep metal 2.4 43.6 12.2 531 803 1296 
8 21 Single deep metal 2.4 43.6 12.2 531 803 1296 
9 9 Single deep plastic 2.4 43.6 15.2 664 951 1620 
10 22 H-type shallow metal 2.3 37.8 12.2 461 705 1124 
11 2 H-type Deep plastic 2.4 52.9 15.2 806 1138 1965 
12 2 H-type Deep plastic 2.4 52.9 15.2 806 1138 1965 
13 2 H-type Deep plastic 2.4 52.9 15.2 806 1138 1965 
14 13 Double 
wide 
Deep Polyethylene 2.4 62.2 12.2 751 1114 1831 
15 13 Double 
wide 
Deep Polyethylene 2.4 62.2 12.2 751 1114 1831 
16 7 Double 
wide + H-
type 
deep plastic 2.3 72.2 18.4 1327 1741 3032 
17 7 Double 
wide + H-
type 
deep plastic 2.3 72.2 18.4 1327 1741 3032 
18 23 H-type shallow metal 2.3 37.8 12.2 461 705 1124 
* includes wall and ceiling area; **excludes attic and pit volume. 
Test Procedure 
The procedure outlined in CGSB (1996) standard 149.15-96 for testing the overall envelope airtightness using 
the building’s own air handling systems was followed. Initially, only the primary inlets were sealed to quantify the 
total infiltration through the rooms (as-is results). For all rooms tested, the primary inlet system consisted of 
ceiling inlets. Subsequently, the curtain and fan leakage paths were sealed to get their respective leakage rates. 
The infiltration rate remaining after curtains and fans were sealed was labeled ‘other’ and consisted of ceiling 
leaks, wall-to-ceiling joint leaks, doors, etc. The Fan Assessment Numeration System (FANS) was used to 
measure in-situ fan air flow (Gates et al., 2004). The FANS unit consists of an array of five propeller 
anemometers, which traverse vertically. Velocities by sweep area are integrated to get an average air flow. 
Inclined manometers were used to measure static pressure difference across the barn envelope. During testing, 
depressurizing fan air flows were adjusted to get at least five static pressure difference levels during each test. 
All reported data was collected during wind conditions less than 6 Km-h-1. All attempts were made to conduct 
testing between 5 and 55 Pa using two FANS units, one designed for fans up to a maximum diameter of 137 cm 
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(54 in) and one designed for maximum fan diameters of 91 cm (36 in). The data collected on air flow and pressure 
difference across a room was used to fit power law equations useful to predict room infiltration rates. 
Results And Discussion 
Swine Finishing Barn Results 
The data obtained on pressure difference/air flow was used to fit power law models useful to predict infiltration 
rate through a) the as-is state of the barn (only primary inlets sealed), b) the curtains, c) the fans, and d) other 
remaining envelope components not accounted for with curtains and fans (i.e., doors, ceiling, wall-to-ceiling 
interface, etc.). The total as-is infiltration rate was the sum of that reported for curtains, fans, and other 
components. All infiltration data was normalized to air-changes per hour (ACH) to account for the array of interior 
volume differences. Leakage prediction curves for an example room (Room 15) are shown in Figure 2. 
 
Figure 2.  Example infiltration curves generated. Power law curves for Barn 15 shown. 
Table 2 summarizes the as-is, curtain, fan, and other (infiltration not accounted for by curtains and fans) power 
law models obtained for rooms grouped by barn construction type as a) single, b) double-wide, c) H-type, and d) 
doubled-wide + H-type. Also, the as-is and other leakage rate curves for all eighteen finishing rooms is presented 
in Figure 3. The predicted leakage rates (for 5 Pa to 55 Pa pressure difference range) for ‘single’ room barns 
ranged from 2.15 to 12.9 ACH for as-is leakage; 0.52 to 2.73 ACH for curtain leakage; 0.18 to 2.73 ACH for fan 
leakage, and 0.50 to 10.68 ACH for other leakage not accounted for in curtains and fans. For the same pressure 
difference range, double-wide barns (for one room out of two rooms in a barn) ranged from 1.57 to 8.01 ACH for 
as-is leakage, 0.02 to 0.58 ACH for curtain leakage, 0.60 to 2.13 ACH for fan leakage, and 0.58 to 6.10 ACH for 
other leakage not accounted for in curtains and fans, H-type barns (for one room out of two rooms in a barn) 
ranged from 3.21 to 15.4 ACH for as-is leakage, 0.79 to 4.28 ACH for curtain leakage, 0.21to 2.91 ACH for fan 
leakage, and 1.01 to 10.4 ACH for other leakage not accounted for in curtains and fans, and finally double-wide 
+ H-type barns (for one room out of two rooms in a barn) ranged from 4.29 to 11 ACH for as-is leakage, 0.98 to 
2.01 ACH for curtain leakage, 1.09 to 3.11 ACH for fan leakage, and 1.67 to 6.73 ACH for other leakage not 
accounted for in curtains and fans. 
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Table 2. Power law models for prediction of infiltration rate (ACH) as a function of building envelope pressure 
difference (Pa) grouped by building construction type and leakage location. 
 Barn Construction Type 
Model 
(I = c x ∆pn ) 
Std. errors 95 % confidence limits 
c n 
c n 
lower upper lower upper 
As-is barn leakage 
Single I = 2.0788 x ∆p0.3646 0.3171 0.0433 1.4484 2.7091 0.2786 0.4505 
Double-wide I = 0.85762 x ∆p0.5299 0.1816 0.0597 0.4837 1.2315 0.4069 0.6530 
H-type I = 1.6388 x ∆p0.4829 0.3282 0.0559 0.9806 2.2970 0.3708 0.5951 
Double-wide + H-type I = 3.3440 x ∆p0.2842 0.2846 0.0285 2.7462 3.9419 0.2243 0.3440 
All rooms tested I = 2.2651 x ∆p0.3390 0.2378 0.0312 1.7955 2.7347 0.2774 0.4007 
Curtain leakage 
Single I = 1.5777 x ∆p0.0216 0.2267 0.0436 1.1269 2.0284 -0.0651 0.1082 
Double-wide I = 0.0860 x ∆p0.3853 0.0395 0.1298 0.00549 0.1666 0.1206 0.6500 
H-type I = 0.9165 x ∆p0.1964 0.3553 0.1130 0.2040 1.6291 -0.0303 0.4231 
Double-wide + H-type I = 2.0743x ∆p-0.0733 0.3876 0.0582 1.2658 2.8829 -0.1947 0.0481 
All rooms tested I =1.1523x ∆p0.0749 0.2176 0.0565 0.7232 1.5814 -0.0365 0.1864 
Fan leakage 
Single I = 0.7811 x ∆p0.2576 0.3054 0.1127 0.1739 1.3882 0.0335 0.4817 
Double-wide I = 0.8810 x ∆p0.1926 0.1813 0.0601 0.5112 1.2508 0.0701 0.3151 
H-type I =  0.4739 x ∆p0.2490 0.2100 0.1280 0.0527 0.8951 -0.0077 0.5057 
Double-wide + H-type I = 1.2697 x ∆p0.1938 0.2172 0.0499 0.8166 1.7227 0.0897 0.2979 
All rooms tested I = 0.7641 x ∆p0.2345 0.1765 0.0669 0.4160 1.1122 0.1026 0.3664 
Other than curtain and fan leakage 
Single I = 0.3937 x ∆p0.6441 0.0863 0.0602 0.2222 0.5652 0.5244 0.7637 
Double-wide I = 0.3007 x ∆p0.6866 0.0859 0.0771 0.1240 0.4774 0.5282 0.8450 
H-type I = 0.6112 x ∆p0.6466 0.1748 0.0785 0.2607 0.9617 0.4891 0.8041 
Double-wide + H-type I = 0.6805 x ∆p0.5711 0.0345 0.0138 0.6077 0.7533 0.5420 0.6003 
All rooms tested I = 0.4565 x ∆p0.6469 0.0859 0.0510 0.2869 0.6261 0.5461 0.7476 
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Figure 3. (A) As-is and (B) other room leakage rates for all eighteen swine finishing rooms using the power law 
models from Table 2. 
 The comparative values of leakage rates through the various components at 10, 20, and 30 Pa pressure 
difference is presented in Table 3.  Also, leakage rates at 20 Pa through different leakage paths is shown in 
Figure 4.  
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Table 3. Summary of predicted leakage rates for as-is (IA), curtains (IC), fans (IF), and other (IO) at 10, 20, and 30 Pa. 
Room 
number 
∆p = 10 Pa ∆p = 20 Pa ∆p = 30 Pa 
IA IC IF IO IA IC IF IO IA IC IF IO 
1 3.93 0.07 2.09 1.77 5.25 0.21 2.10 2.93 6.22 0.33 1.95 3.93 
2 4.41 1.26 1.83 1.33 5.16 1.38 1.80 1.99 5.65 1.45 1.69 2.51 
3 3.04 1.38 0.67 0.99 4.31 1.63 0.88 1.79 5.28 1.74 1.01 2.53 
4 4.79 1.21 1.41 2.18 6.60 1.65 1.60 3.36 7.97 1.98 1.66 4.33 
5 6.28 2.42 1.71 2.15 7.59 2.43 1.96 3.20 8.48 2.37 2.07 4.04 
6 5.42 2.06 0.92 2.43 6.50 1.95 1.11 3.45 7.24 1.80 1.22 4.23 
7 5.74 1.32 2.41 2.01 7.95 1.42 3.60 2.94 9.62 1.40 4.55 3.67 
8 4.51 0.98 1.59 1.94 6.25 1.11 1.84 3.29 7.56 1.16 1.91 4.49 
9 4.35 2.73 0.71 0.90 5.06 2.47 0.97 1.63 5.54 2.11 1.12 2.31 
10 5.76 1.57 0.67 3.52 8.59 2.36 0.76 5.48 10.86 2.99 0.78 7.09 
11 4.71 1.21 0.52 2.99 5.79 1.14 0.75 3.90 6.53 1.05 0.93 4.56 
12 4.50 2.47 0.34 1.68 6.02 2.67 0.55 2.81 7.14 2.64 0.72 3.78 
13 4.70 1.21 1.07 2.41 6.87 1.30 1.62 3.94 8.57 1.26 2.05 5.26 
14 2.38 0.19 1.15 1.04 3.60 0.21 1.53 1.86 4.59 0.21 1.76 2.62 
15 2.77 0.36 0.86 1.55 3.88 0.41 1.23 2.24 4.73 0.43 1.52 2.77 
16 5.61 1.58 1.48 2.55 7.33 1.53 2.01 3.78 8.56 1.40 2.40 4.76 
17 6.97 1.99 2.48 2.50 8.34 2.01 2.60 3.73 9.27 1.97 2.58 4.72 
18 5.28 0.71 1.57 2.99 7.48 0.98 1.48 5.02 9.17 1.18 1.19 6.79 
Note – ‘IA’ indicates as-is leakage, ‘IC’ indicates curtain leakage, ‘IF’ indicates fan leakage, and ‘IO’ indicates other 
leakage. 
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Figure 4. Infiltration rates at 20 Pa static pressure difference. 
At 20 Pa pressure difference the overall average as-is, curtain, fan, and other leakage rates (n=18 swine finishing 
rooms) were 6.43±1.68, 1.47±0.71, 1.63±0.77, and 3.33±1.23 ACH, respectively. Curtains, fans, and other 
leakage locations on average contributed 23%, 25%, and 52% of the as-is leakage rate, respectively. In 
comparison to values reported by Zhang and Barber (1995a),  the as-is leakage rate reported here (6.43±1.68 
ACH at 20 Pa) was more than four times higher than the average infiltration rate of five newly constructed swine 
finishing rooms (1.4 ACH at 20 Pa) measured in their study. Swine finishing barns, during minimum winter 
ventilation, require the primary inlet system to deliver between approximately 2 and 10 ACH for pigs between 6 
and 115 kg, respectively (MWPS, 1987). The average as-is (6.43±1.68ACH at 20 Pa) and other (3.33±1.23 ACH) 
infiltration rates reported in this study were over three and 1.5 times higher than the rate required for weaned 
pigs entering swine finishers in cold weather conditions. A study reported on commercial broiler houses in 
Kentucky (Lopes et al., 2010) reported as-is leakage rates between 3.6 and 5.6 ACH at 25 Pa for fourteen 
Kentucky broiler houses. 
Swine Gestation Barn Results   
To prevent the entry of the Porcine Reproductive and Respiratory Syndrome virus (PRRSV) into barns, a number 
of sow (farrow-to-wean) sites in Minnesota and Iowa have added high capacity mechanical filters to their barn's 
inlet system. Nearly all of these filtered barns use a strategy of negative pressure ventilation where leakage are 
minimized by physically sealing  up any crack in the building shell, forcing as much incoming air as possible to 
pass through the filter media. 
Figure 5 shows the air tightness, in air changes per hour, ACH, for the following three barns that were measured 
for this study:  The first two barns (represented by ∆ and O in Figure 5) were a gilt development room and a large 
crated sow gestation room respectively, both were conventionally constructed except with mechanical filters 
placed over the existing ceiling attic inlets. Although the barn's envelope was built and tightened using caulk and 
tight construction techniques, the results show that each of these barns had ACH values between 2 and 2.5 for 
static pressure values from 40 to 60 Pa which would be the most likely operating range for these barn's ventilation 
systems.  The third barn (represented by ● in Figure 5) was also a large crated sow gestation room but was 
designed to have the mechanical filters at each end of the building. The filtered air flow then was directed up into 
the attic area and distributed into the barn through standard ceiling inlets.  The unique feature of this barn was 
that the entire shell, including the bottom of the roofing metal, was spray foamed to create an airtight attic and 
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provide additional insulation. The results for this barn show air tightness that were more than an order of 
magnitude better than the other two filtered barns, with between 0.1 to 0.15 ACH measured in the operating 
static pressure range of 40 to 60 Pa. As a newly constructed facility, air leakage was detected with smoke sticks 
around doors and windows which demonstrates one of the challenges with negative pressure ventilation in 
filtered barns. 
 
Figure 5. Infiltration rates measured at a small (O, V=803 m3), medium (∆, V=10066 m3), and large gestation facility 
(●, V=44633 m3) constructed explicitly for infiltration control to support a negative pressure virus filtration system. 
Summary  
Infiltration is an integral part of the ventilation system and process. Infiltration affects the quality of the barn 
environment and can also increase the winter heating cost. Precise data on infiltration is very important in the 
design of ventilation systems for animal barns.  Many researchers have suggested that ASHRAE’s ‘crack’ method 
is not suitable for predicting infiltration of animal barns. Among the available methods, pressurization methods 
are commonly used in infiltration quantification and the power law model gives the best prediction of the infiltration 
rate. For this research project, 18 swine finishing rooms and three swine gestation rooms were tested for their 
infiltration characteristics. At 20 Pa pressure difference across the room envelope, the average as-is leakage 
rate for the 18 swine finishing rooms was 6.43±1.68 ACH; whereas, the average leakage rates through curtains, 
fans and other components were 1.47±0.71 ACH (about 23% of as-is), 1.63±0.77 ACH (about 25% of as-is) and 
3.33±1.23 ACH (about 52% of as-is), respectively. Of the three "filtered" sow barns that were monitored where 
air tightness is very important to prevent entry of viruses like PRRV, the more conventional designed facilities, 
where filters are only added to the ceiling attic inlets, were not very tight (roughly 2 ACH).  A much tighter barn, 
with an infiltration value of 0.1 ACH, was obtained in a specially designed large sow building where the filters 
were built into the ends of the building and an extensive amount of foam sealant was used. 
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